The cochlear implant (CI) is the single most successful neuroprosthetic device available today, often restoring functional hearing in many of those who were profoundly deaf (1). Unlike traditional hearing aids that serve to amplify ambient sound, the CI bypasses the transduction process and provides direct electrical signals to the nerve fibers of the inner ear. Consequently, candidates for the CI are those whose deafness is a result of damage to the sensitive transduction machinery of the cochlea itself, which serves to convert sound energy into electrical impulses that are transmitted to the brain. The CI comprises a microphone that captures sounds (and that often sits behind the earlobe), a signal processer that selectively filters and amplifies these sounds, a transmitter that converts these filtered sounds into electrical impulses, and an electrode array that is implanted into the cochlea and that delivers these impulses to the nerve fibers.
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Although the CI has now been used for over 50 y, our understanding of how the brain reorganizes following CI implantation remains in its infancy. Part of this is a result of striking differences in brain organization before implantation, where auditory areas of the brain have developed differently depending upon the nature of early auditory experience (and dependent upon genetic factors, among others). Part of this is undoubtedly also a result of differences in how the brain responds to the new device, with factors such as age, years, and degree of deafness, and specifics of the surgery, and implant each likely to contribute. However, a major component of this gap in our knowledge is a technical one, in that CI patients are not eligible for standard imaging procedures, such as functional magnetic resonance imaging (fMRI), due to the implanted electronics of the device. Recent advances in new imaging modalities are beginning to circumvent this limitation, with functional near infrared spectroscopy (fNIRS) representing an increasingly important tool for indexing brain plasticity in people outfitted with CIs. As opposed to fMRI, which relies on powerful magnets to visualize changes in hemodynamics (and indirectly changes in brain activity), fNIRS uses optical (light) technology to image these same signals.
Along with the factors cited above, prior work has suggested that experience with visual language (lip reading) can also have an important role in implant outcomes (2) . Somewhat counter-intuitively, this work has suggested that this experience can impede the development of speech comprehension postimplantation. Indeed, this evidence has been incorporated into guidelines for rehabilitation, which discourage the use of visual language cues (i.e., lip reading) based on the belief that prior visual language experience promotes the recruitment of visual inputs into the auditory cortex, thus making it more difficult for the auditory signals provided by the CI to properly innervate and organize the auditory cortex. The paper by Anderson et al. (3) in PNAS, titled "Adaptive benefit of cross-modal plasticity following cochlear implantation in deaf adults," sheds important light on this issue by using fNIRS to examine cross-modal plasticity (i.e., visual activity in auditory cortex) in a cohort of 15 individuals who were imaged before and 6 mo after CI implantation.
The primary hypothesis for the study is that a decrease in the activation of the auditory cortex to visual speech following implantation would be accompanied by an increase in activation to auditory speech (Fig. 1) . This hypothesis is founded in the idea of a competition between visual and auditory inputs for the precious real estate of the auditory cortex, and by the view that as auditory information is reintroduced into the auditory cortex it will outcompete visual inputs that were organized via prior experience with visual language.
The experiments carried out by Anderson et al. (3) resulted in several key findings. First, both the direction and amount of visual activation of the auditory cortex differed substantially among the 15 participants when compared before and after cochlear implantation. Whereas nine of the individuals showed a decrease in visual responses in the superior temporal cortex (STC), the site of the auditory cortex, following CI surgery and 6 mo of experience using the implant, the other six individuals showed an increase in activation. Second, when functional outcomes were examined in the form of speech comprehension, there was a strong positive relationship between the degree of cross-modal plasticity seen in the STC and speech comprehension. Thus, greater visual activation of the STC was associated with better speech comprehension. Finally, when the relationship between visual plasticity and auditory speech activation of the STC was measured, again a positive relationship was found. Collectively these results provide strong evidence for a cooperative interaction between auditory and visual plasticity in the STC following cochlear implantation, with increases in both auditory and visual activation of the auditory cortex being linked to better functional outcomes (Fig. 1) . These results run directly counter to the hypothesized competition model, and undermine the clinical recommendations that discourage lip reading in the profoundly deaf who may be future CI candidates. In addition to their potential importance for future clinical care and counseling, the results of Anderson et al. (3) are also of great interest for furthering our mechanistic understanding of cross-modal plasticity.
The fNIRS results of Anderson et al. (3) are quite interesting in the context of recent results obtained in an animal model of deafness, the deaf white cat. These animals carry a genetic mutation that results in the complete degeneration of the organ of Corti, the part of the cochlea that houses the transducing hair cells, and this mutation results in complete congenital deafness in these animals. Neurophysiological work from Kral and colleagues (4) using these animals found that cochlear implantation resulted in robust auditory responses in regions of the auditory cortex, and that these same regions demonstrated strong visual responsiveness likely mediated by cross-modal plasticity before the implant. The authors went on to show that auditory-responsive neurons and visually responsive neurons were segregated in the regions of the auditory cortex that were studied, suggesting that inputs from the two sensory modalities do not necessarily cooperate with one another, but rather function independently. In contrast, the work of Anderson et al. (3) suggests an active synergism between the senses, a synergism that could be mediated by neurons (or neuronal networks) responsive to both auditory and visual information.
The presence of such multisensory neurons in auditory responsive regions of the brain would not be unique, as increasing evidence shows that visual information has a surprising degree of influence on the auditory cortex, even under circumstances of normal hearing (5) (6) (7) (8) . In individuals with CI, audiovisual neurons in regions of the auditory cortex could represent the substrate for the cooperative interactions described by Anderson et al. (3) . In such a scenario, following the CI, auditory responsiveness would emerge in these neurons (which would be visually responsive before implantation), and these responses could grow in
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concert with increasing visual responses to speech signals. Human speech typically comprises spatially and temporally correlated audiovisual signals, with the mouth movements of the speaker providing redundant information about the spoken words. Indeed, the presence of both auditory and visual signals in a communicative interaction can confer significant gains in intelligibility, particularly in noisy environments (9) . A substantial body of work over the past 25 y detailing the properties of multisensory neurons has shown that spatially and temporally concordant signals from multiple sensory modalities frequently results in large gains in the response of these neurons, accompanied by improvements in behavior and perception (10, 11) . In the current context, these basic principles of multisensory integration may not only explain the synergy seen across audition and vision after patients have learned to use their implants, but may also serve as the driving force to build this multisensory representation based on the strongly correlated nature of speech signals.
One intriguing interpretational slant on the data of Anderson et al. (3) is in the "visual" nature of the evoked responses from the STC. Are these responses truly driven by the sensory features of the visual stimuli in the form of silent videos of words being articulated by a speaker, or are they perhaps a result of activity coming from higher-order language areas more interested in deciphering the semantic content of the spoken signals?
Although proof of these mechanistic and conceptual speculations awaits the development of noninvasive technologies with better spatial and temporal resolution (fNIRS has poorer spatial resolution than fMRI and suffers from the same temporal constraints, given the signal is derived from relatively slow changes in hemodynamics), the results of Anderson et al. (3) should inform the care of the profoundly deaf. Thus, rather than avoiding the use of visual speech, the current work suggests that visual speech cues may serve in an instructive capacity for the new auditory information provided by the CI, thus facilitating CI outcomes. Indeed, there is evidence that at least some CI users are "better" integrators of multisensory information (12) , and that certain aspects of visual performance may serve as important predictors of implant outcomes (13, 14) . Although more work is clearly needed, perhaps new guidelines for those who are candidates for a CI should encourage, rather than discourage, experience and training with visual speech.
